Introduction
Dentin phosphoprotein (phosphophoryn, DPP) is a unique acidic protein in dentin. Except for type I collagen, DPP is the most abundant extracellular matrix protein in dentin. This protein is characterized by high contents of phosphoserine (45-50%) and aspartic acid (35-38%) (Butler et al., 1995) 1). Because of the high levels of aspartic acid and phosphoserine, this protein has polyanionic characteristics. The isoelectric point of this protein is 1.1 (Jonsson et al., 1978) 2). DPP can bind a large number of calcium ions and affect in vitro mineralization. It forms insoluble aggregates in the presence of calcium ions (Kuboki et al., 1979) 3). DPP is thought to play important roles in biomineralization.
A problem with the study of DPP is the difficulty in detection of this protein with high sensitivity. Because of DPP's highly acidic character, it is difficult to detect it with standard protein stainings, e.g. Coomas- 
Moller et al., 1993)5). A combination of Stains-All and
Silver staining was also used to stain acidic proteins in bone (Goldberg et al., 1997)6) .
In this study, we attempted to apply combined staining for acidic dentin proteins, especially DPP. We analyzed the dentin proteins extracted from a fragment of a single rat tooth.
Materials and Methods
Materials
Phosvitin was purchased from Taiyo Co. Incisors were obtained from a male Wister-King rat, 3 months old.
2. Demineralization and Extraction Phosphophoryns were extracted and purified from rat incisors (Fujisawa et al., 1984) of NaCl up to 1M in the equilibration buffer was used to elute the DPP. Absorbance at 230nm of the elute was monitored, and the phosphorus content in each fraction was determined. The fractions were dialyzed against distilled water prior to lyophilization.
The electrophoresis of proteins was done following protocols described by Laemmli (1970)8). The gels (10% acrylamide, 0.375M Tris/HCl pH 8.8, 0.1% SDS) were used for separation. Samples were dissolved in a sample buffer (20% glycerin, 1% SDS, 1%
5. Combined Alcian Blue and Silver Staining After electrophoresis, the gels were fixed with 25% ethanol and 10% acetic acid for 2h, changing the solution several times. Then the gels were stained with 0.125% Alcian blue in 25% ethanol and 10% acetic acid for 1h. After staining, first the gels were destained with 25% ethanol and 10% acetic acid for 1h, then with 10% ethanol and 5% acetic acid for 30 min, changing the solution several times. Then the gels were put in 5% glutardialdehyde for 20min. After that the gels were rinsed with 10% ethanol and 5% acetic acid in water for 30min, and then with water for 12min, changing the water twice. Finally, the gels were stained using a Silver Stain Kit (Wako, Osaka) according to the protocol.
Results and Discussion
We tried to stain phosvitin to examine the applicability of Alcian Blue-silver combined staining to phosphoproteins. Phosvitin is an acidic phosphoprotein in eggs and can not be stained by silver staining. 32-0 .24ng phosvitin was electrophoresed and the gels were stained with Alcian Blue alone or with combined staining (Fig. 1) . No bands were observed in gel stained with Alcian Blue alone. With combined staining, a lower amount of phosvitin was detected. Bands of phosvitin were observed at 30KDa. The lowest detection limit was 0.64ng. The results indicate that combined staining is applicable to phosphoproteins.
Sulfer-containing amino acids and basic amino acids are thought to be the reaction sites during silver staining. As phosvitin and phosphophoryn contain few of these amino acids, they can not be stained by silver staining. Alcian Blue is associated with acidic residues of the protein and may enhance nucleation of silver ions (Moller et al., 1993)5).
Phosphophoryn was purified partially by ionexchange chromatography. The major phosphoruscontaining peak was eluted at 0.3M NaCl using DEAE-Sephacel chromatography (Fig. 2) . This peak was collected and used as a phosphophoryn-enriched fraction in the following study. The phosphophorynenriched fraction was analyzed using combined stain- Stains-All/silver staining and reported a lower detection limit of 0.25ng for osteopontin. This detection limit is comparable to the detection limit for phosvitin in the present study.
As an application of combined staining, non-collagenous proteins obtained from different parts of a Absorbance was read at 230nm. A peak eluted at 0.3M NaCl was collected as a phosphophoryn enriched fraction. Lane 1: molecular weight marker. In conclusion, the staining method in the present study was sensitive enough to detect non collagenous proteins from a fragment of a single tooth, and enabled us to study the processing of dentin proteins without using radioisotopic labeling. 
